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Wire shaped molecules, i.e., molecular wires, are molecular-scale objects which convey the signals. 
They are one of the most important fundamental building blocks for molecule based electronics. In 
nano-scale science, the signal should be the flow of electrons and/or photo excitation energy. To 
transport electrons and/or excitation energies, several types of molecules have been suggested as 
‘molecular wires’ considering the current electron/energy transfer mechanisms, i.e., through space 
and through bond mechanisms. In this thesis author focused on metalloporphyrins as a main 
π-systems because of it’s large in size, small intramolecular HOMO–LUMO gap seems to be 
suitable to transport electron or photo excitation energy. The versatile chelating ability of the 
porphyrins with the most of elements and chemical modification on porphyrin nucleus allows 
considerable control over the redox properties of the system. Although many porphyrin based 
molecules are reported so far and the most of them are conjugated, that is, adiabatic system. Here the 
author mainly focused on non-conjugated porphyrin wires that is tetraphenylporphyrin (TPP)-based 
wires. The phenyl groups of TPP are connected with porphyrin nucleus perpendicularly and the 
electronic communication between the chromophores, i.e., conjugation, is small.  This thesis 
consists of six chapters including general introduction, Chapter 1.  
 
Chapter 2 describes the single molecule conductivity of a wire of porphyrin monomer having amino 
linkers. In this experiment, the conductivity of the single molecule was measured inserting one 
molecule between the break-junction of gold wire. Therefore, functional groups, linker, should be 
introduced on the wire to connect the wire with gold. The author chose amino as the linker and the 
designed a porphyrin having 2-(4-aminophynyl)ethynyl groups on 5- and 15-position. The synthesis 
of the wire involves Sonogashira coupling reaction with 5,15-dibromoporphyrin and the 
p-ethynylaniline. The collaborator of the author’s research group measured the single molecule 
conductivity of the wire. Break junction technique reveal the conductivity of this molecule to be 
0.017 G. This value is higher than those reported for small molecules such as phenylendiamine, 
naphthalenediamine, and anthracenediamine. Considering the size of the wire, the wire has high 
conductivity. Currently, it is qualitatively conclude that expanded π-system of the porphyrin afford 
this high conductivity. Moreover the electrochemical behavior of the amino porphyrin wire is 
investigated by comparing with the corresponding p-phenylenediamine and 4,4ʹ- 
(buta-1,3-diyne-1,4-diyl)bis[benzenamine]. 
 
Chapter 3 describes about the design and synthesis of longer wires i.e., TPP oligomers bridged by 
butadyne. For the synthesis of these wires, Glaser and/or Glaser-Hay coupling reaction for acetylene 
substituted TPP was adopted. This reaction is known to have high reactivity and frequently used in 
polymer science. A tetraphenylporphyrin derivative having two acetylene group in the quasi-trans 
position is the precursor of this synthesis and this molecule was derived from usual porphyrin 
synthesis, i.e., a mixed coupling reaction of pyrrole, benzaldehyde, and the benzaldehyde having 
acetylene. This coupling reaction afforded the oligomers i.e., tetramer, trimer and dimer in isolated 
yields of 17, 25, and 18 % respectively. Moreover dimer is also a suitable precursor to obtain higher 
oligomers. Dimer having two deprotected acetylene is prepared by two steps reactions i.e., 1) 
Glaser-Hay coupling reaction of mono protected acetylene monomer afforded two protected 
acetylene dimer, and 2) deprotection reaction of the protected dimer forms desired dimer. 
Oligomerization reaction of the dimer selectively produced tetramer. It is assumed that large size of 
the product might decrease the frequency factor of Arrhenius equation and the resultant rate constant.  
With an aim at using the wires in the advanced material chemistry, functionalization of the terminal 
acetylenes was examined. Sonogashira coupling reaction is carried out with the dimer, trimer and 
tetramer with 4-iodonitrobenzene in the presence of PdCl2(PPh3)2 to afford end functionalized wires. 
 
Chapter 4 describes the synthesis of wires connected by platinum-acetylide. This bonding is 
frequently used in organometallic chemistry because of its easy formation and stability. Then, a new 
wires, that is, metalloporphyrin oligomers connected by bis(ethynyl)bis(phosphine)platinum is 
designed. For the synthesis of the wire the key reaction is the 2:1 reaction of acetylene substituted 
porphyrin with trans-dichlorobis(tributylphosphine)platinum(II). The most important intermediate 
for the practical synthesis of these wires is the generation of mono-acetylene porphyrin. Such 
porphyrin is prepared by partial deprotection reaction of the bisprotected acetylene, i.e., the 
porphyrin having two acetylenes prepared in Chapter 2. A treatment of 0.5 eq. of Pt salt with mono 
protected acetylene afforded the desired dimer. Dimer having two protected acetylenes afford 
tetramer by a similar treatment, i.e., partial deprotection and acetylide formation reactions. Repeat of 
the combination of partial deprotection and acetylide formation reactions produces the higher 
oligomers. Currently, sixteen-oligomer of nickel and octamer of zinc is synthesized. The length of 
the wires are approximately 50, 100, 200, and 400 Å for the dimer, the tetramer, the octamer, and the 
sixteen-mer, respectively. The application of these wires to the advanced materials is also 
demonstrated by the end functionalization of the bis-acetylene octamer. A tetramer with 
4-iodonitrobenzene in the presence of PdCl2(PPh3)2 afforded end functionalized octamer. The wires 
are stable under ambient conditions and soluble in common organic solvents. 
 
Chapter 5 discusses about the synthesis and the preliminary investigation of photoexcitation energy 
transfer through the wire prepared in Chapter 4.  The models are trimer, tetramer, hexamer of 
donor-bridged-acceptor (D-B-A) type wires, where D, B, A are the Zn(II) porphyrin, 
platinum-acetylide bridged Ni (II) porphyrin, free base porphyrin respectively. These molecules are 
expected for undergoing intramolecular excitation energy transfer (EET) through the wires.  In 
these wires, zinc tetraphenylporphyrin (ZnP) to free base tetraphenylporphyrin (FbP) distances are 5 
to 20 nm. The Zn(II) porphyrin-free base porphyrin trimers, tetramer and the hexamer are 
synthesized by the selective demetallation of the corresponding Zn(II)-Zn(II) oligomers respectively. 
The Zn(II)-Zn(II) trimer, tetramer hexamer are prepared from the analogous Sonogashira coupling 
reactions of corresponding bisacetylene platinum-acetylide bridged Ni(II) porphyrin and 
Trans-chloro-Zn(II) porphyrin-platinum(II). The preliminary photoexcitation energy transfer in 
trimer, tetramer and hexamer are examined using emission spectra. In all the wires, disappearance of 
the emission from ZnP and strong fluorescence attributable to FbP were observed.  This 
qualitatively indicates the significant energy transfer from Zn (II) porphyrin to free-base porphyrin. 
 Chapter 6 mainly deals with the cyclic oligomers linked by tetraacetylene. Cyclic oligomers of 
porphyrin attract much attention because the shape of the molecules are similar to those of antenna 
chromophores of photosynthesis.  Therefore, this class of materials are proposed to be the key 
materials of artificial photosynthesis.  The synthetic strategy of the porphyrin has the potential to 
produce six kinds of porphyrins. One of these porphyrin is the tetraphenyl porphyrin (TPP) having 
acetylene group in the quasi-cis position. Motivated by cyclic alignments of chlorophylls in light 
harvesting proteins, cyclic porphyrin oligomers, are designed and synthesized. Glaser-Hay coupling 
reaction, i.e., an irreversible reaction, is used for the synthesis of oligomers varying the 
concentration of the reactant. The formed oligomers are characterized to be cyclic and the degree of 
the oligomerization was three to six. This reaction behavior is marked contrast by changing the 
linkage group from diacetylene to tetraacetylenes. Considering the strain energies of trimers, having 
diacetylene and tetraacetylenes, the reaction could be controlled entropically affording the trimer 
having tetraacetylenes, as the main product, contrary, the reaction would be governed enthalpically 
avoiding the formation of strained trimer having diacetylene. 
 
